Ten commercially available disinfectants were tested at high pH in 2% sodium hydroxide and low pH in 2% acetic acid as inactivants for African swine fever (ASF) in a protein-rich blood-spleen homogenate. As assayed in leukocyte cultures, sodium hydroxide and acetic acid, sodium meta silicate and Roccal did not inactivate ASF virus in 1 hr at 22 to 25 C. Some viricidal activity as assayed in leukocyte cultures was found with Weladol, Triton X-100 Amphyl, pHisoHex, sodium dodecyl sulfate, LpH, Environ, Environ D, and One-Stroke Environ. Of these, the last four appeared to be most promising. When assayed in pigs, only One-Stroke Environ (1/E) was viricidal. Concentrations of 1.0, 0.75, and 0.5 were effective, but, at 0.25%, virus was not inactivated. The minimal time to inactivate ASF virus by 1% 1/E is 60 min. A room contaminated with ASF virus was made safe for pigs after 1 hr by spraying with 1% 1/E. The most active component of 1/E is o-phenylphenol. Although another component of 1/E, i.e., o-benzyl-p-chlorophenol, also has some activity, the mixture of the active components of 1/E is most effective against ASF virus. One of the soluble antigens associated with ASF virus is destroyed by 1/E.
antigens associated with ASF virus is destroyed by 1/E.
African swine fever (ASF) is no longer an obscure disease of Africa. Since 1957 it has occurred in Portugal, Spain, France, Italy and-in June of 1971-Cuba (13) . The causative agent is a deoxyribonucleic acid virus (1) that is sensitive to ether and chloroform (5) . Since a safe and effective vaccine has not been produced, control of the disease depends entirely upon rapid diagnosis, slaughter of infected and exposed animals, and strict imposition of effective sanitary measures. This so-called "stamping out" procedure was successfully applied in France and Italy, and the disease was eliminated before extensive spread occurred. However, there is no published evidence that the measures applied would be adequate or feasible in areas having an intensive swine industry.
It is known that ASF virus may remain viable for long periods of time in feces, blood, and soil and on wooden surfaces (9) . It is also known that the virus suspended in a menstruum rich in protein may withstand rather extensive variations in pH (5) . Furthermore, proteolytic enzymes have little or no effect on the virus (5) . It is therefore likely that solutions commonly used to disinfect premises where animal diseases have occurred are not completely effective in destroying ASF virus; nor will a waiting period of several months assure that the premises are safe for restocking.
Laboratory methods for inactivation of ASF virus have been reported (16) . The methods employ fast-acting agents such as beta-propiolactone, acetylethylenemine, and glycidaldehyde. Even at low concentrations, these compounds are effective ASF virus inactivants, but, because of their instability in aqueous solutions, they are not suitable for use in the field where spraying affords the only practical means of covering the large areas that must be disinfected following an outbreak.
The presence of extraneous organic matter may greatly reduce the effectiveness of some classes of chemical disinfectants. This is especially true of chlorine compounds and cationic detergents (17) . A high concentration of organic matter is a feature common to the environments most likely to be contaminated with ASF virus during an outbreak of the disease. Since the work reported here was undertaken in an effort to find a disinfectant capable of rendering an infected premise safe for early restocking after an outbreak, the disinfectants were tested against ASF virus in the presence of a high concentration of pro-these conditions was further used to decontaminate a room containing several days' accumulation of litter, feces, and urine of pigs that died of ASF.
MATERIALS AND METHODS Virus. The Lisbon strain of ASF virus (11) was used. The stock virus suspension was prepared by I. C. Pan of this laboratory. Pigs infected by the intravenous route died of acute ASF 5 to 6 days later. Spleens were removed, homogenized in an equal volume of whole defibrinated blood, filtered through several layers of cotton gauze mesh, divided into several portions, and stored in a dry-ice chest. The stock virus suspension had a protein content of 21.3% as determined by micro-Kjeldahl analysis. A fresh sample was thawed for each experiment. Hemadsorption titers determined at the time of each experiment ranged from 101 to 107/ml.
Virus assay. In all inactivation experiments, the stock virus and virus-inactivant mixtures were titrated by the hemadsorption reaction (10) in pig leukocyte cultures (LC) prepared as described elsewhere (7). Titers were reported as log of 50% hemadsorption per milliliter. The toxicities of the inactivants alone were simultaneously determined in similar cultures.
Soluble antigens. Monolayer cultures of VERO cells were infected with ASF virus (5) . When the cytopathic changes were well advanced, the cells were suspended by shaking and were collected by centrifugation. One volume of packed cells was suspended in two volumes of phosphate-buffered saline and sonically disrupted at 0 to 5 C, using ten 10-sec bursts of energy. The resulting suspension was clarified by centrifugation at 10,000 x g for 30 min, and the supernatant fraction was used as antigen.
Agar gel diffusion precipitation tests. Plates were prepared with 0.85% Ionagar in 0.05 M borate buffer, pH 8.6. The distance between the reagent wells was 3 mm. ASF survivor pig serum was used as an antibody source. Normal pig serum and an extract of sonically disrupted, noninfected cultured cells were used as controls.
Immunoelectrophoresis. The microtechnique (14) In addition to the commercially available germicidal agents listed above, 2% acetic acid and 2% sodium hydroxide were tested in the initial screening experiments, for these solutions have been widely used as viricidal agents (3) .
Each of the inactivants was made up as a 1% solution in both 2% acetic acid and sodium hydroxide. In later experiments, distilled or tap water were used as diluents to prepare 1% solutions and the concentration of the inactivant was altered as shown in the tables.
Tests in animals. Adult pigs weighing from 100 to 200 kg were used in the ultimate determinations of virus inactivation. They were housed in rooms designed for maintenance of strict isolation (2), but, because of space limitations, only the pigs serving as virus controls were housed separately. The pigs receiving the virus-inactivant mixtures were housed together. All inoculations were by the intramuscular route. Temperatures were taken daily, and a rise to 103 F (39.4 C) or higher was regarded as the first sign of ASF infection. The first animal displaying the febrile reaction was regarded as having been infected by the inoculum given. Any other animal in the room that became febrile within the next 2 days was likewise considered to have been infected by the inoculum administered. If an animal's first febrile response occurred more than 2 days after that of the first reactor in the room, it was regarded as a possible contact infection. In any case, the delayed response would be indicative of either complete or substantial inactiviation of the virus in the inoculum given. Further, comparison of the day of fever or death among these pigs and the control pigs served as an additional basis for analysis of the test results.
Spleen and kidney samples were taken from one or more pigs in each experiment and assayed for ASF virus by the hemadsorption test in LC. Tests were also made for the presence of soluble antigen by using agar gel diffusion precipitin reaction (6) .
Inactivant screening test. The purpose of this test was to eliminate any inactivant that would not reduce the titer of the test virus at least from 106 to 103 in 60 min at room temperature (22-25 C). One volume of the stock virus suspension was mixed with nine volumes of the test compound. After 60 min, 1 ml of the mixture was diluted 1:10 in culture fluid and the pH was adjusted to 7 to 8, by using 1 N NaOH or 1 N HCl. A 1-ml amount of the adjusted mixture was further diluted 1:10 in the culture medium, and four LC in short Leighton tubes were each inoculated with 1 ml of this dilution. In all cases, the pH of this second dilution of the virus-inactivant mixture was 7.3 to 7.4 as measured by a glass electrode. Each of the test inactivants was treated in the same way and assayed for toxicity. The LC were examined daily for signs of virus hemadsorption or toxicity.
Assay of inactivated ASF virus in pigs. In the first of these experiments, four of the most promising inactivants, i.e., SDS, Environ, Environ-D, and
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One-Stroke Environ (1/E) were used at the 1% level with stock virus and a 60-min inactivation time. Nine volumes of inactivant were mixed with 1 ml of virus. After 60 min, pigs were inoculated with the virusinactivant mixtures.
Minimum effective concentration. The second experiment with pigs was to determine the minimal concentration of disinfectant required to render the virus noninfective for pigs. A 1-ml amount of stock virus was mixed with nine volumes of 1.0, 0.75, 0.5, and 0.25% 1/E, and 60 min later two pigs were inoculated with each of the virus-inactivant mixtures and assayed. Two pigs housed in a separate room served as virus controls.
Time of inactivation. The third experiment with pigs was designed to determine the minimal time required to inactivate ASF virus by 1/E. Nine volumes of 1/E solution were mixed with one volume of stock virus suspension, and a 5-ml sample was removed at 15, 30, 60, and 120 min. Two pigs were immediately inoculated at each time interval with the virus-inactivant mixture, and the virus was titrated in LC at the same time. Two virus control pigs were housed separately.
Transmission and disinfection experiment. To establish that an ASF virus-contaminated area could be effectively disinfected, it was first necessary to show that the contaminant in the room could be lethal to pigs. Accordingly, a room housing ASF virus-infected pigs was not cleaned for 2 days. During this time, two pigs previously infected with ASF virus died of the disease. These pigs were removed and 4 hr later two susceptible pigs were placed in the room. One pig developed a fever in 3 days and died on the 9th day. The other pig appeared normal during this interval and was destroyed on the 10th day. Both pigs were removed, and the room was thoroughly sprayed with a 1% solution of 1/E prepared in tap water. All residual fecal material and feed were dispersed with 1/E. One hour later, four susceptible pigs were placed in the room.
Viricidal activity of the active components of l/E. Each of the three active ingredients in 1/E, i.e., o-phenylphenol, o-benzyl-p-chlorophenol, and p-tertiary-amylphenol, was prepared at the same concentration and pH as found in a 1% aqueous solution of 1/E. Each was tested singly and in combination, by using the stock virus. Assay for virus in these mixtures was in LC and in pigs. RESULTS A summary of the results of the first screening test with 1% solutions of 10 disinfectants in both 2% NaOH and acetic acid as well as the latter reagents alone is shown in Table 1 . Virus was detected by the hemadsorption reaction in LC cultures in both NaOH and acetic acid, sodium meta silicate at both high and low pH, Roccal in the alkaline, and Solvental in the acid solutions. With the other disinfectants, i.e., LpH, Environ D, Environ, Weladol, pHisoHex, Triton X-100, SDS, and Amphyl, there was either no hemadsorption or the test was not readable because of various degrees of cellular degeneration caused by the disinfectant.
The results of a second screening test employing disinfectants that appeared to be viricidal or toxic (Table 1) are shown in Table 2 . These disinfectants were used as 0.1% aqueous solutions, and the virus-inactivant mixture was assayed in LC at the 102, 10-3, and 10-4 dilutions. Four of the nine disinfectants tested, Environ D, Environ, 1/E, and SDS, appeared to inactivate ASF virus at the 10-2 dilution. In contrast, hemadsorption occurred in the 10-2 dilutions of the LPH, Weladol, pHisoHex, Amphyl, and Triton X-100 virus mixtures.
The three Environs and SDS were tested as ASF virus inactivants as 1.0 and 0.25% aqueous solutions. Pigs were used as the virus indicator to circumvent the cytotoxicity of the disinfectants in LC at this concentration. Table 3 shows the results of this test. Only the pig inoculated with the 1% 1/E-virus mixture failed to develop ASF from the inoculum. The pig inoculated with the 0.25% 1/E-virus mixture developed ASF as did the pigs inoculated with SDS, Environ, and Environ D-treated virus suspension.
In determining the minimum effective concentration of 1/E, each virus-inactivant mixture was tested in two pigs. As indicated in Table 4 , the two pigs inoculated with the 0.25% 1/E-virus mixture developed ASF and died in times comparable to the virus control animals. The pigs inoculated with the 0.50, 0.75, and 1%
1/E-virus mixtures had reactions indicative of infection by contact. It was therefore indicated that 1/E in concentrations of 0.5% and higher was able to inactivate the stock virus suspension.
The results of the experiment to determine the minimal time to inactivate the stock ASF virus suspension are shown in Table 5 . One of the two pigs (pig no. 21) inoculated after 15 min of inactivation developed ASF and died. Another animal (pig no. 23) that had received stock virus exposed to the disinfectant for 30 min reacted within 2 days after the initial reaction of pig no. 21. Complete inactivation of the stock virus at 30 min was therefore regarded as uncertain. However, inactivation at 60 and 120 min was unequivocal, and, compared to the virus controls, it was evident that substantial inactivation also occurred in the lesser time intervals.
One of the two pigs housed in the contaminated room developed a febrile response 6 days later and died on the 9th day. ASF virus a Stock virus was diluted 10x in the disinfectant solution and held for 1 hr at 22 to 25 C. Each of two pigs was inoculated intramuscularly with 1 ml of the virus-disinfectant mixture. Pigs 11 through 18 were housed together. Pigs 19 and 20 were kept in a separate room.
" DPI, day postinoculation. Note: An initial febrile response occurring 3 or more days after that of the first responding animal in the room is indicative of a contact infection and cannot be attributed to the inoculum given. a Stock virus was diluted 10x in 1% One-Stroke Environ and held at 22 to 25 C. Samples taken at the indicated times were injected immediately (1 ml intramuscularly).
" Pigs 21 through 28 were housed together. Pigs 29 and 30 were held in a separate room.
c DPI, day postinoculation. Note: An initial febrile response occurring 3 or more days after that of the first responding animal in the room is indicative of a contact infection and cannot be attributed to the inoculum given. The solutions were prepared with distilled water, and in each instance the compound was in the concentration it would be in a 1% solution of 1/E. The stock virus (106 5 hemadsorbing units per ml) was diluted 10x in the test solution and held for 1 hr at 22 to 25 C. The mixture was further diluted 100x in culture medium, and 1 ml was put on each of four leukocyte cultures.
b +, Positive hemadsorption reaction, indicating presence of active virus; -, no reaction, indicating inactivation of more than 3 logs of virus.
was recovered from its spleen.
The other pig housed in the room did not develop a fever or signs of ASF and was killed on the 10th day as ASF developing at this time could be considered to originate from the first pig.
The four pigs housed in the previously ASFcontaminated room that had been sprayed with 1% 1/E did not develop ASF, nor were ASF precipitating antibodies detectable in their sera when the experiment was terminated after 21 days. Table 6 shows the results obtained when the stock virus was exposed to each of the active ingredients of l/E and assayed in LC. There was no sign of hemadsorption in o-phenylphenol, o-benzyl-p-chlorophenol, or in mixtures containing these compounds, but hemadsorption did occur in the p-tertiary-amylphenol-virus mixture. Toxicity of the compounds was tested at the same time, and, although some cytotoxicity was evident, there was a sufficient number of intact leukocytes and red blood cells available to indicate the presence of virus by hemadsorption. The results of inoculating these compound-virus mixtures into pigs are shown in Table 7 . Compared to the virus control pigs, there was no difference in the first day of temperature (3 days postinoculation [DPI ] ) in the pigs inocu- this was impossible. Therefore, it was necessary to depend upon previous experience concerning contact transmission of ASF virus. The Lisbon 60 isolate was chosen for these experiments because it was involved in an extensive outbreak in domestic swine; it was known to persist and spread readily under field conditions; and its clinical manifestations were quite uniform and well defined. The onset of fever was a fairly reliable indicator of when infection had occurred. Since it was known that ASF virus may appear in pharyngeal and nasal excretions as early as 2 days before fever (4), it was reasonable to assume that an animal having its first febrile response more than 2 days after that of the first reactor in the room was either infected by contact with the first infected animal or had received an inoculum containing an extremely low level of active virus.
The compounds tested were representative of the common classes of disinfectants and detergents, namely, halogen derivatives, substituted phenols, polyphosphates, quaternary amines, nonionic and anionic surface-active compounds. All were evaluated by the same criterion, i.e., the effectiveness of a 1% solution as an inactivant of ASF virus suspended in a proteinrich menstruum. From the data in Tables 1 and  2 , it is evident that many commercially available disinfectants have a marked degree of viricidal activity against ASF virus. Among these are Amphyl, pHisoHex, Weladol, and Triton X-100, besides those tested in pigs   FIG. 1 . Effect of One-Stroke Environ (lIE) on the soluble antigens of African swine fever virus. Untreated soluble antigens are on the left, and the lIE-soluble antigen mixtures are on the right on each slide. A current of 2 ma/cm was applied for 90 min, and the precipitin patterns were developed with ASF survivor pig serum. One fast moving antigen was apparently destroyed immediately. The progressive disappearance of the antigen closest to the negative electrode during the 60-min treatment is evident.
( Table 3 ). Under conditions of higher concentrations, longer time of inactivation, or a menstruum having a lower protein content, they may well be effective inactivants for ASF virus.
It appears from Tables 6 and 7 that the most effective viricidal ingredient against ASF virus in One-Stroke Environ is o-phenylphenol. This compound is a common ingredient in many commercially available disinfectants and is effective in destroying hog cholera virus (18; H. S. Wright, Bacteriol. Proc., p. 10, 1971 ). Its use for that purpose has been approved by the Animal and Plant Health Division of the U.S. Department of Agriculture (12) . The 1% solution of o-phenylphenol recommended as a disinfectant for hog cholera is 10 times the concentration used in our experiments (Tables  6 and 7 ) and should likewise serve to inactivate ASF virus under field conditions.
Since ASF virus is sensitive to ether and chloroform and its nucleic acid is readily extractable by both phenol and SDS (1), it is probable that the mechanism of its inactivation by phenolic derivatives is solubilization of the lipid segments of the virus envelope. When the antigenic components of the virus have been characterized, the observation made with immunoelectrophoresis will be more meaningful, and may perhaps be indicative of the mechanism of inactivation.
Since certain Argasid ticks are capable of harboring and transmitting ASF virus for many months (8) , disinfection of a previously infected premise may also require elimination of these arthropods before restocking is considered.
